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this genus [36] . Butterbur taxa have a broad distribution in the Northern hemisphere, from North Africa to Eastern Asia, and from North America to throughout Europe. In the European continent, eight native species can be naturally found, and another two: P. japonicus and P. fragrans have been introduced [25] . In Poland, four Petasites taxa are frequently encountered; they occupy wetland habitats: the banks of rivers, streams, spring-fens, as well as moist forests [25, 27, 32] . The most common species in Poland is P. hybridus (L.) P. Gaertn., B. Mey. & Scherb. (= P. officinalis Moench), which is widespread from Pomerania, to the upper subalpine zone of the Sudetes and Carpathians. Another species in term of incidence is P. albus (L.) Gaertn., which has been found in numerous mountain localities and less commonly in Silesia, Lesser Poland and the Lublin Uplands, as well as in Pomerania [25] . In Poland, an additional species, P. spurius (Retz.) Rchb. grows mainly on the sandy banks of large rivers (the Vistula, the Bug River, the Oder and the Warta) and on the shoreline of the Baltic Sea. The last native taxon of butterbur, which occurs frequently in the Carpathians and probably in only one stand in the Polish side of the Giant Mts, is P. kablikianus Tausch ex Bercht. [5, 25, 27, 32, 37, 38, 46] . Petasites is a taxonomically hard group of plants to describe due to the conservative floral structure and the high variability of the leaves. In addition, these species form hybrids. Therefore, there are different classifications of Petasites genus, and, for instance, in North
Current Issues in Pharmacy and Medical Sciences
America, one to ten species are distinguished [11, 12] . Petasites are also occasionally confused with coltsfoot. As well, for pharmaceutical purposes, contamination with Tussilago farfara raw material can come about. On the other hand, both taxa are easy to differentiate, and they differ in flowers and also in the size and shape of their leaves [13, 20, 25] .
HABITATS
The species which belong to the Petasites genus occupy a very diverse environment. However, the plant grows preferably in partial shade, but if there is appropriate amount of water, it can grow in full sun. Butterbur grows most luxuriantly and plentifully in humid thickets, along the banks of streams, ditches, ravines and rivers, and in some places, it generates large, single-species clusters. It prefer humus soil, as well as periodically waterlogged soil. Petasites spp are plants well adapted to surviving the winter condition (being a hemicryptophyte, it forms a rosette, the growth bud being protected in winter by way of a layer of litter composed of dead and living leaves). Moreover, it is an indicator of welloxygenated soils [25, 36] .
CHARACTERISTICS
Butterbur species are perennial herbs with thick rhizomes and usually enormous leaves [26] . Yet, species belonging to the Petasites genus differ in flower color, size, shape and hairiness of leaves, ribbing of petioles, as well as size and shape of the scale leaves on the flowering stems, etc. [27, 33] . The leaves are normally kidney-or heart-shaped, irregularly serrated, their tops being green and smooth, while their bottoms being light gray and fuzzy. The petioles of common butterbur are hollow. The first leaves appear after the flowering of the plant, while the late-blooming leaves are bare and green on both sides. The flowers are reddish, and sometimes even white. It is a dioecious plant which contains numerous male flowers, peripheral tubular female flowers and a large amount of fruitless hermaphrodite flowers. Common butterbur blooms in the months of April-May. The primary florescence is collected in a head, and the plant forms paniclelike or racemose secondary inflorescences. The leaves and flowers also secrete a characteristic odor. Common butterbur develops flower-carrying stems that reach heights of up to 80 cm [13] . The fruit of butterbur is wind-dispersed.
CULTIVATION AND PROPAGATION DETAILS
Butterbur have very specific soil requirements. These plants grow best in moist and heavy soils, but also in well-drained soils rich in oxygen. Although it tolerates an ordinary garden soil, it grows best in fertile humus soils which are constantly moist, and have a pH between 4.5 and 5.5. When the conditions of cultivation are good, the plants could be highly aggressive and invasive, because the smallest piece of rhizome left in the ground will quickly form a sturdy new plant [11, 12] .
Butterbur is generally propagated by its seeds, but this species may also be propagated by division. Propagation by softwood cuttings is also very popular. The cut plants are placed in a humid medium that is relatively shallow, and it is important to maintain a high substrate temperature (typically 20-25°C, these values are, however, dependent on the species), as well as high humidity. The substrate for rooting such cuttings should be sterile in the top layer and partly coarse (thus ensuring adequate aeration). The bottom layer should contain nutrients in a starting dose. The substrate for planting should also be kept moist. Cuttings for butterbur propagation should be sought from strong, well developed, leafy young shoots, because that which are weak, often rot and do not take root. For such cuttings, separate the tip of the shoot, so as to prevent flowering, or cut it into segments (containing at least one leaf whorl) if it is too long. Depending on the species of plants, cuttings should be 6-10 cm long and have 3-5 healthy leaves. The use of a razor to make such cuttings is recommended, so as to ensure that the cut is smooth, perpendicular to the stem and not less than 2 mm below the node from where the leaf grows. Such cuttings rapidly root [18, 45] .
ACTIVE SUBSTANCES FROM PETASITES AND THEIR MECHANISM OF ACTION
The main active substances isolated from the butterbur rhizomes, roots, and leaves are petasin and isopetasin. These substances belong to the sesquiterpenes. In addition to sesquiterpenes, pyrrolizidine alkaloids, flavonoids, essential oils, and tannins are also found in butterbur extracts [3, 24] . The pharmacological action of petasin and isopetasin was already seen in the 1950s [8] . Since then, most of the studies have focused on the mechanism of action, efficacy, and safety of Petasites hybridus extracts. In this regard, the antispasmodic activity of the methanolic extract of the fresh roots has been demonstrated [8] . In turn, lipophilic extracts of butterbur roots have been found to preferentially inhibit the activity of cyclooxygenase 2 (COX-2) [15] . Moreover, the results of in vitro studies have demonstrated that ethanol extracts of butterbur root and leaves inhibit the lipoxygenase pathway [35] .
Petasin and its isomers (i.e., isopetasin and neopetasin) are known to be anti-inflammatory substances. They both inhibit the synthesis of peptide-leukotriene, whilst petasin also blocks the release of the eosinophil cationic protein [35] . Additionally, petasin inhibits contractions induced by histamine, carbachol, and the accumulation of calcium ions [19, 41, 44] . It follows that non-specific antispasmodic and antimuscarinic effects are responsible for the myorelaxant activity of petasin [2] . Of note: the pyrrolizidine alkaloids found in Petasites exhibit hepatotoxic and carcinogenic activity. Therefore, it is necessary to remove these from the extract prior to its use [3, 9, 10] .
CLINICAL APPLICATION OF PETASITES EXTRACTS
Researchers coming from various medical disciplines have shown interest in the therapeutic use of butterbur extracts [39, 40, 43] . Since butterbur extract relaxes smooth muscles and possesses anti-inflammatory properties, it could be helpful in urinary tract problems, menstrual pain and cramps, migraine headaches, as well as in easing the symptoms associated with nephrolithiasis or gastrointestinal colics and dysmenorrhoea [1, 2, 14] . Moreover, it could see use in the treatment of bronchial asthma and pertussis [23] .
Migraine headaches
Several studies have shown that standardized extracts from the rhizome of Petasites are effective in the prophylaxis of migraine [2, 16, 22] . Twice daily application of this extract at a dose of 50 mg for three months has been shown to result in a decrease in the frequency of attacks and the number of migraine days per month [16, 17, 23, 24] . What is more, both reduction of symptoms associated with migraine and decreased duration and intensity of pain were noted [22] [23] [24] . In addition, the efficacy of the standardized extracts from the rhizome of Petasites was comparable to that achieved with drugs considered to be effective in preventing migraine, such as the calcium antagonists [30, 31] , the β-blockers [34, 42] , as well as the serotonin antagonists [28] . Approximately 60% of all patients treated with butterbur extract experienced a decrease in headache frequency [16, 17] . Furthermore, therapy with butterbur extract has been generally well-tolerated by all patients, and no side effects have been observed [23, 24] .
Bronchitis and asthma
For centuries, Petasites leaves, roots and rhizomes have been used in traditional medicine as a remedy for asthma, whooping cough, and mucus cough [23, 24] . The high efficiency of butterbur in treating bronchitis, asthma and other inflammatory conditions of the upper respiratory tract is attributed to the presence of petasin. This acts as a spasmolytic on smooth muscle and has anti-inflammatory properties [6, 21, 39, 40] . It was demonstrated in medical research that in patients receiving 1800 mg of butterbur extract per day (in divided doses), a considerable improvement in forced expiratory volume (FEV1) has come about [47] . Moreover, this improvement was larger than that observed in patients treated with corticosteroids [47] . Petasin is known to suppress lymphocytes, neutrophils, as well as eosinophils, and to decrease levels of cytokines such as interleukin, tumor necrosis factor (TNF-α) and interferon (IFN-γ) in bronchoalveolar fluid. This could at least partially explain the mechanism of action of this sesqiterpene in bronchial diseases [25, 29] . Accordingly, Petasites extract has a potential to be an efficient agent in the therapy of asthma and bronchitis, in addition to other inflammations of the upper respiratory tract.
Gastroenteritis
Butterbur leaves and rhizomes have been employed as an antispasmodic in gastrointestinal disorders since the Middle Ages. Primarily, the extract from these parts of the Petasites species was used for alleviating colic, cramps, and the hindered outflow of bile [4] . However, studies performed by Brune et al. [7] also suggest that an ethanolic extract of butterbur prevents the intestinal mucosal damage brought about by abuse of alcohol, and reduces the small intestinal ulceration induced by administration of anti-inflammatory drugs, e.g. indomethacin [4, 25] . The effect on gastroenteritis is most probably attributed to the suppression of leukotriene synthesis and the inhibition of lipoxygenase activity [4, 25, 35] .
What is important to remember is that butterbur extracts deprived of all toxic alkaloids alone be used for therapeutic purposes. Because of the fact that the currently employed methods of removing undesirable alkaloids are very expensive and time-consuming, it is necessary to research and implement new procedures. However, not all of the mechanisms of action of the active ingredients of Petasites are well documented and understood. Consequently, there is a need for further studies on the potential applications of butterbur extract in medicine.
